Infection of Vero cells with herpes simplex virus type 1 results in the appearance in soluble extracts of a DNA primase activity. The partially purified enzyme, Mr, -100,000, is identical in resistance to a-amanitin, pH proffle, Mg2+ dependence, salt sensitivity, and KmATP to the catalytic core of Vero cell mitochondrial RNA polymerase. Moreover, the products synthesized are those expected of an RNA polymerase rather than a DNA primase. Inasmuch as the enzyme is not present in soluble extracts of uninfected Vero cells, we presume that the specific appearance of RNA polymerase in extracts of herpesvirus-infected cells results from infectioninduced disruption of the mitochondrial membrane, followed by release of the enzyme into the cytosol.
Infection of Vero cells with herpes simplex virus type 1 results in the appearance in soluble extracts of a DNA primase activity. The partially purified enzyme, Mr, -100,000, is identical in resistance to a-amanitin, pH proffle, Mg2+ dependence, salt sensitivity, and KmATP to the catalytic core of Vero cell mitochondrial RNA polymerase. Moreover, the products synthesized are those expected of an RNA polymerase rather than a DNA primase. Inasmuch as the enzyme is not present in soluble extracts of uninfected Vero cells, we presume that the specific appearance of RNA polymerase in extracts of herpesvirus-infected cells results from infectioninduced disruption of the mitochondrial membrane, followed by release of the enzyme into the cytosol.
In a search for a herpesvirus-induced DNA primase, we observed a primase activity in nuclear extracts of herpes simplex virus type 1 (HSV-1)-infected Vero cells as judged by its ability to promote ATP-dependent synthesis of poly(dA) by the large fragment of Escherichia coli DNA polymerase I with poly(dT) as the template (2) . No such activity was evident in comparable extracts of uninfected or mock-infected Vero cells. Upon partial purification of this activity, we found that it is not a herpesvirus-encoded DNA primase but is very likely the catalytic core of Vero cell mitochondrial RNA polymerase, presumably released from the mitochondria by herpesvirus-induced disruption of the mitochondrial membrane. A herpesvirus-induced primase described by Holmes et al. (5) has properties similar to those of the RNA polymerase described here and may be the same enzyme.
Identification (10) . No RNA polymerase activity was detected upon low-salt extraction of nuclei from uninfected Vero cells. However, when the nuclei were extracted with 20 mM Tris hydrochloride buffer containing 1.7 M KCl and 0.2% Nonidet P-40 and chromatographed on a single-stranded DNA-agarose column, RNA polymerase activity appeared; however, it eluted at 0.54 M KCl. Moreover, it constituted less than 3% of the activity observed in the low-salt nuclear extracts of HSV-1-infected cells. This activity also differed from that observed in infected cells in its pH optimum and salt sensitivity (see below). Thus, infection of Vero cells with HSV-1 appeared to induce a novel a-amanitin-insensitive RNA polymerase activity.
The RNA polymerase activity was purified by chromatography on single-stranded DNA-agarose and heparin-agarose and by Superose 12 gel filtration. On the basis of its position of elution from the Superose 12 column relative to a series of marker proteins, we estimated that the molecular weight of the RNA polymerase was approximately 100,000. Chromatography of the heparin-agarose fraction on a Mono Q column gave a single peak of RNA polymerase activity that coincided with a polypeptide with a molecular weight of Mechanism and Control, Nagoya University School of Medicine, Nagoya, Japan. 100,000 (8) . Several other polypeptides were present in smaller amounts; hence, it is not certain that enzymatic activity is associated with the 100,000-molecular-weight polypeptide.
The Superose 12 fraction of RNA polymerase was essentially free of DNase, DNA-dependent ATPase, and DNA polymerase activities.
Characterization of RNA polymerase activity. The properties of the RNA polymerase, i.e., pH profile and effects of mono-and divalent cations and ATP concentration, are shown in Fig. 2A and Table 1 . The enzyme exhibited a high pH optimum, between pHs 8.7 and 9.3. It was very salt sensitive; 50% inhibition occurred at 20 mM NaCl. Activity was completely suppressed by addition of 4 mM N-ethylmaleimide but was insensitive to 1 mg of a-amanitin per ml. These characteristics are very similar to those observed for the catalytic core of the mitochondrial RNA polymerase partially purified from cultured Vero cells (Fig. 2B) .
Analysis of products urea-10% polyacrylamide gel electrophoresis. An alkalisensitive poly(rA) ladder was generated, and each oligonucleotide differed in length by one nucleotide, extending from 15 to greater than 100 residues (Fig. 3, lane 4) . There was no detectable incorporation of [32P]dATP (lane 5). The same distribution of products appeared without dATP.
The products of the reaction with M13 single-stranded DNA as the template were also analyzed. In the presence of all four ribonucleoside triphosphates and [ct-32P]ATP, a series of oligonucleotides ranging in size from less than 15 to greater than 80 residues was synthesized (Fig. 3, lane 1) ; however, the predominant products were in the range of 30 to 60 nucleotides. In the presence of ATP alone, the products (lane 2) formed a series of oligonucleotides extending from less than 10 to 30 residues. Thus, the enzyme can synthesize poly(rA) with M13 single-stranded DNA as the template, presumably by the reiterative mechanism that has been described for E. coli RNA polymerase and DNA polymerase I (7). Deoxynucleotides could not replace ribonucleotides as substrates (Fig. 3, lane 3) . Finally, the enzyme used the alternating duplex copolymer poly(dA-dT) as a template (lane 6) but was unable to use native calf thymus DNA (lane 7). These properties are all characteristic of an RNA polymerase rather than a DNA primase (1, 2, 6, 11, 12, 14, 15). Thus, our attempts to detect a primase specifically induced upon infection of Vero cells with HSV-1 led to the identification and partial purification of an RNA polymerase activity that can catalyze the synthesis of a ribo-oligonucleotide capable of priming poly(dA) synthesis by the large fragment of E. coli DNA polymerase I on a poly(dT) template. Although this assay has served to identify the eucaryotic DNA primases associated with DNA polymerase a (2) , it can also be used to assay RNA polymerase activity (1, 6) .
The RNA polymerase activity that we identified was present only in nuclear extracts of HSV-1-infected cells, and therefore it appears to be induced by herpesvirus infection. However, it is clearly not encoded by the HSV-1 genome. Thus, Western blotting (immunoblotting) analysis of enzyme fractions obtained after chromatography on single-stranded DNA-agarose and heparin-agarose and Superose-12 gel filtration with antisera against the UL5, UL8, and UL52 gene products showed that they were immunologically unrelated to these polypeptides which comprise the herpesvirus-encoded helicase-primase (3; T. Tsurumi and I. R. Lehman, unpublished data). The four remaining HSV-1-encoded enzymes required for HSV-1 DNA replication, i.e., the originbinding protein (UL9) (4), the DNA polymerase-UL42 complex (J. J. Crute and I. R. Lehman, J. Biol. Chem., in press), and ICP8 (13), do not have primase or RNA polymerase activity (J. J. Crute and I. R. Lehman, unpublished data).
It appears, therefore, that the RNA polymerase that we identified in extracts of herpesvirus-infected Vero cells results from induction of a preexisting host enzyme. Of the six candidates, RNA polymerases I, II, and III, the host DNA primase (normally associated with host DNA polymerase a), the mitochondrial DNA primase, and the mitochondrial RNA polymerase, only the catalytic core of mitochondrial RNA polymerase corresponds to the RNA polymerase activity that we identified.
Cytological examination of HSV-1-infected Vero cells has revealed profound changes in the structure of subcellular organelles (9) . In particular, mitochondria appear to be distended and abnormal in shape. Thus, it is possible that the mitochondrial membrane is altered such that the soluble mitochondrial RNA polymerase that we observed in low-salt nuclear extracts of HSV-1-infected cells may result from association of a portion of the enzyme released from the mitochondria with the nuclear fraction. In uninfected cells, the mitochondrial membrane remains intact and the enzyme would not be expected to appear in nuclear or cytosolic extracts. A less likely possibility is that herpesvirus infection of Vero cells results in enhanced transcription of the mitochondrial RNA polymerase gene.
Holmes et al. have partially purified a DNA primase activity from extracts of HSV-1-infected Vero cells that is similar to the mitochondrial RNA polymerase that we have described (5) . Although it differs in molecular weight (40,000 versus 100,000), pH optimum (pH 8.0 to 8.7 versus 8.7 to 9.3), and salt sensitivity, these differences may be more apparent than real, reflecting the relative states of purification of the two enzymes.
